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LowJiWp^ ni^^Y for Test Sy 'Tf" 
RELATED AftUCAMOtf 

[0001] ™.appIicationcIain«prioritytoU.S.ProvisionaIPate„t4ppIi^^^^ 

60/277.675/fiJedMarch 20. 2001. and to US. Provisions PateirtAEplioation No 
60^77,795. filed March 2 1, 2001. 

BACICGROUND 

[0002 J This application relates to test system docks used to generate test patterns 
and clock signals for test circuits, such as integrated circuit device^ 

[0003] Test systems for testing high-speed intcgrated^iixMit devices (i.e.. device 
under test CDUT)), such as micrc^rocessors. have beoome increasingly sophisticated due 
to the need fer generating precise clock signals and test pattern sigaaJs. The clock signals 
are provided to a DUT's ctock input pi„ and used to run the DUT. whfle fte teat pattern' 
signals are used to drive and stiobe the DtJT's data pins. 

[00043 Test pattern signals (which are also referred to as "event sequences") 
generally iacludeapattero of events, such as binary values (Is and Os). and an associated 
time for the occurrence of each event at its rising and filling edges, which is usually 
referred to as atest period. Events usually ore one of two event types- drive evems tlm 
drive a DOT data pin to aparticnlar state, and strobe events (also called test events) that 
testthestateofaDUTdatepin. FIO- lilh.stratesanexan.pleofaiestpanemlOO.such 
as may be generated for testing a DUT. fa this exaniple. the test pattern 100 mcludes four 
events.. An event is a pair (S,T) where "S" is a state and 'T' is the time associated with 
the transition to the state. For example, test pattern 100 has four drive events which can 
be written as (D1.1).(D0.8). CDl,13)and(D0.18). The first event is driving the signal to 
a high state (1) at tirne equal to 1 . The second event is driving the signal to a low state (0) 
at time 8. The third event is driving to a high state (1) at time 13. The fourth event is 
driving to alow state (0) at time 18. The test period of the test pattern 100 is the time 
between time 1 and time 13. which is repeated for successive generations of the drive 
events. 

[ OOOS J Xa developing a test pattern signal, a teat system needs a mechanism for 
generating a pattern of events m which rising and fiUKng edges can be placed at precise 
times within a chosen test period with reference to be test system's master clock. 
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(he ^ster clock has a period of 2,5 nanoseconds M. .est sj.tem ^ouM 
=.le to pi«e mins/eaiing edges with a precision on « order of 1 0 picoseconds (ps) 

. '-^'•'»FIG2,6«eratingatestpaaemsi^wiAat»«pcriodthaUsa,nultipIeof 
the master Clock 200-s period (e.g.. 2.5 ns or 5.0 ns) can be done by «si„g a 

progtannnabtedivider 204. Generatingatcstpattem signal l^vingate^tperiodth^ 

b«wcc«a«nltipleoftha„^ciockperiod(e.g..2.7nsors.5ns)canbcdonebyx«ing 
a venner lechniqne; ^ch is implemanted by a ve«icrcireuit 3J0. to provide a 

progranmmbleperiodoff-set2l2(which is referred to asaVriodvenuer^tothon^asto 
clock 200'speriodormuJtipleoftbe»asicrolock200'speriod. Generally, the period 
vemie.- 212 valueis usad to adjust the master clock period to achieve a desired test period 
216smtaWeforaparticuJ«te5tpatt«nsignal. Test systems, such as those described in 
U.S. Pat. Nos. 6.128,754. 5,673 ^75 and 5,212.443, the disclosures of which are 
incorporated by reference, describe the use of a vernier technique to geneiate a period 
vemJer. 

[OOOSl Because the vernier technique is a digital appioach to ftequency synthesis, 
it generally has certain advantages, such as increased flexibility (i.e.. the abiUty to easily ' 
place events in the test periods) and the ability to change period instantaneously during 
nin-tiwe. However, the vernier circuit is inhewaily anatog in nature, and. therefore 
nonUnear. The vernier circuit's nonlinearity tends to have a large affect on the edge 

placement accuracy (EPA)of the test period and the period-top period jitter of the test 
period. TypicaUyvalucsofthep«iod-to-periodjittercanbe20ps. Onaspectrum 
analyzer, jitter typically shows up as spurs spaced by the ftequency at which the vemietw 

based clock cycles. 

1 0OO7 J A dock signal that is used to nm the DOT generaUy needs to be phase 
synchronized with and ftequency similar to the test pattern signal. Frequency shnilar 
means the clock signal is a multiple or sub-multiple of the test pattern signal. Generally, 
a vernier-based clock is used to generate the clock signal &r the DUT. 

SUMMARSr 

tOOOS J The present inventors recognized that conventional test systems, using a 
period vernier based clock to generate testpanem signals and cloolc sisnab &r a DUT. 
couUchange clock period instantaneously during run-time, easilymove the occmrencl of 
an event within the test period, and provide a clock signal with some period-ro-pcriod 
jmer. The present inventors fteherrtcognized that the period-t«^period jitter ass^ 
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W.m a penod vernier based clock can be probtoatic for c«tain app«ca«™s. «uch « 
*u<^l testing. tbatneedalowperiod.UH.criodjitt«rclodci^^ 
addition to tl«fl«.^mtyofthep«riod vernier based clock for cbangi„g,he period and 
movu^ftcocc^renceofaneveatwiththepcriod. Consequently. the p.«««iavemars 
developed a low-jincr clock for test systems using period venue, for genemting test 
pattern signals. The present inve„to« developed the low-jitter clock by using a 

progranm,ablephase-lo<*-loop clock that can ouQ,«tasi8naI that is frequency sim^^^ 
and pha.e matched with the generated period vernier based test pattern signab. 
[00093 Implementations of the test system fcmiatter described here may include 
vanous combinations of the following features. 

rooio J In one aspect, a signal genmting apparatus for a test system includes a 
period vernier test pattern generator programmable to generate test pattern signals using a 
vermer technique, and a phase-looked-loop clock programmable to output a test clock 
Sigma that is ftequency-similar (e.e.. amultiple or sub-multiple of a fic<p,ency of the test 
pattern signals) to and phase-matched with the test pattetn signals generated by the period 
veimer dock. Each of the period veniier lest pattern generator and the phase-loeked-loop 
clock may be programmable to generate coixesponding test pattern signals and test clodc 
signals for diflferent types ofdevioes to be tested. Moreover, the period vermer test 
paitem generator may be progtammabte to place events in a master period at aprecision 
of about two or more orders of magnitude greater than the master period, 
room The signal generating apparaws may flwher include a master timing 

lefiaenee Sigma suppUed to each of the period vernier test pattern generator and the 
Phase-locked-loop clodc n»e period vernier test pattern generator may include a global 
sequencer and one or more local sequencers. The phase-locked-loop clock may include a 
muWpHer. a low^s iilter. a voltage conm>Ued oscillator and a feedback portion. The 
phase-locked-loop dock also may include a programmable delay line and/or a 
programmable gate, each controllable to re-synchronise the phase-locked-loop clock with 
Hie period vernier test pattern generator if an output of the period vernier test pattern 
genetator changes. 

t00l2I T^Phase-locted-loop clock may inchide one or more programmable 
dividers that are conlrollable to adjust the frequency of the phase-locked-loop clock 
output. These divide™ may include a first divider ananged at a reference input signal 

side ofaphase-looked-loop,asecond divider arranged in the feedback portion of the 
Pbase-locked-loop. and a third divider arranged at an output side of the pbase-locked- 

3 
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■ 100141 wh<ae^./is fhei^feroBce input signal. Umay correspond to ap«iod 

resolution and maybe s«. for example, to 64. may correspond toacoa,^ frequency 
a4,usmwntandil/n.aycam»pondwaaiefrequeacyadj«stment. la one 
implementation, is a power of two. 

100153 fa another aspec te« agna]* maybe generated by eeneratingtMt pattern 
signals usiogavernier technique. a«dgenetatinsatestclocksigaalU«t is frequ«^^^^ 
smalar to and phase-matched with the test patt««. sigm,la using a phas<^locked-loop The 
genemted test pattern signals and the phas^matched test clock signal may be appUedto a 
dewce wider test. ^ Particular, the generated lest pattern signals are appUed to data pins 
Of the device rnider teat and the phase-matched test clock signal is appUed to the clock 
mputpin of the device nnder test. The phase-matched test clock signal may be generated 
by synchronizing the test clock signal m the test pattern signals using the phase-locked 
loop. Generating a phase-matched test clock signal further may involve generating me 
tea pattern signals and the test clock signal based on a common master clock refcLce 
rooifi] Moreover, generating a ftoiuencj^similar test clock signalmay involve 
substantiaBy matching the frequency of the test clock signal to a frequency of the test 
pattern signals. Substantially matching the frequency of the fast clock signal may involve 
controlhng one or more programmable dividers to adjust the test clock signal to be a 
multipleorsub-multipleofthefrequencycfthetestpattemsignals. Mor«gene,«Uy 
controlling a frequency of the test clock signal may be accomplished by con,n>lling 1 
plumlity of programmable dividers. 

10017] When a frequency of ihe test pattern signals is changed, the frequency of 
the test clock signal may be adjusted to match the changed frequency of the test pattern 
signals by re-programming one or more programmable dividers, fa that case, the test 
Clock Sigma may be re-synchronized with the test pattem signals by contixilliag a delay 
hne or a gate or both to alter a timing of flie test clock signaL 
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r00183 In another aspect, generating test signals for adcvice undertest may 

mvolvegeneratingamasterrcferencesignaJ usinir a v«m^er t..i. • 

j*a*iai, using a verraer technique to ^eriersitft t-ef 

panern sigmus based on the marterreferaice - " gM>e«te test 

u , rewrence signaJ, generating a test clock signal that j« 

^---''^-'^-''^-y.in^.thetestpatten.^byp.^^^^ 
««.ter„fe«„ce .-gna, as input to apWlocI^cd loop and conuoffing oneor ml 

pn.^btedivide« inthepWlocked-loop to adju^the test Clock signal to bea 

s.^^.o the Clock «p«p,nofd«deWce««,ertes, and app^ngtlu^teatpatt^n^ 
todatap««oftbedevice„ndert«t When the frequency of the test patter signals .T 
Changed, the fl«qucncy of the test Clock signal Biay be adjusted to calibrate to the chan^^ 
frequency of Ae test pattern signals by re-prognunming the one or more progranunable 

dmda...Mo:«.ver. the test clock signal n«vbere-syncta»i«d>rilh the tostpatte^ 

s-finalsbycontrollingadelaylineoragateorbothtoalteratimingofthetestclock 
signal. 

10019] TChe systems and techniques described here may provide several 

advantages. For example. onehastheabiUty to p„,d«:eaclock signal withadependable 
place«entofedgeswithin,hatsig„aUorex«,,ple.o„theorderofH./-2plcoseconds(ps) 
w,tha™asterclockperiodof2.5nanoseconds (ns). Moreover, one can generate a clock 
signal watt,lowerpedod.tOiMtiodjitter(e.g., 2pa). that will not erode timing margiain 
apphcatwns with a sub-nanosecond internal core clock, which is a significant 

n^p«>vemcnt over convemioma systems that can haveaperiod-to-period jitter of about- 
20ps. Tn^Seaeratedctocksignal'sstabiHtycanresuttinastableDUTcoreclock an 

nnprovement in the tin«ngperfommceofd«DUT.and an increase in the testing'yield 
AS a irsult. the systems and techniques described here are particularly smtcd for 
appUcations. such as s,r»cn,ral testing, that require the flexibility of the period vernier for 

generating test pattern siguabfbrdatapins and ttelowjitter of thephase-lock-Ioopcl^^ 

fen: clock input 

1 00203 Details of one or more embodiments are set forth in the accompanying 
drawmgsandthcdcsc^ptionbelow. Other features and advantages wiiJ be apparent from 
the descnption and drawings, and fcjm the claims. 



DRAWING DESCRIPTIONS 
E0021] FIG 1 is a diagram of a test pattern. 
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gencraimg lest periods. oiromt xor 

r0023, I^fi3«ablo*diasramofates.systecusi,gaseJ«tively 

" '""^ '^"'^^'^ P««n«u„ablc pW,ock-,oop 

[0026] FIG 6 is a timing diagram illustnuing tbe timing signals and 
generated by the phasc-lock-loop clock. 

[0027] like reference symbols w the various drawings indicate like eteneats. 

SETAILEB DESCRIPTION 
10028] HG-3«abloclcdiagra«ofatesrsy«emthat.by„«neapcriodvexnier 
ft^gcncrattngtestpattem signals andaPLL-ba^dcleckluvingaxangcofp^g^ 
frequence, for genexatingclocksig«Ua.«minV~veedgeplacen««t^^ 
prov«icaclocksignalhavinglowperiod- -period jitter to a BUT clock input 

r?^rT m ':!'^"""'^^^°^^^^»»P~^*^-'<'«*^i««»ltoaphase-lock-Ioop 
. ^-k(PIXaock)3«0.1n*„ghinp«aignalF^352.Tiesysten,oscilla,or300also 
provides a clock signal to a divide-by-2 circ^ 318. which divides the dock signal in half 
In this paiticnlar case, the system oscillator 300 is running at 800 MHz. but other 
ftequenciescouldbeuseddependingonappli^^^^ ^outputof 

at400MHz.butothermastercIockfrequenciescanbeobtainedbynsingasystem 
osdnator xunning at a differem fi^uency or using a programmable divider imtead of the 

d,v,dc.by.2ci«uit318theval«depending on application and designparamet 

Clock4I4is relayed to the Period Ve™erTestPa««m Generator 320. Which has an 
mpu/output line 332 coupled to a separate pin electromcs 33tf for a particular pin of a 

DUT 340. ll«PeriodV«nierTes,Pa«a„Gene«tor320providestestpattem Signals 

input/out line 322 to pin electronics 336. which a« then provided to the data pins 
of 0UT 340. AS indicated above, the PIX clock 360 receives the system oscillator signal 
toougb signal Fref 352 and a software control signal (sw Cental) 306 and a reset signal 

a^et,308.ThePIX Clock 360 canprovidecu^k Signals up to four clockpins per Site 
mat can bo used either as four singles clocks or two diffi^ential clocks. Of course 
depe««ng on appUcation and design pa«n„ete«. clock signals can bep„>vided to more' 



6 



PAGE 12IN'RCVD AT 121212004 $:32:11 PMlEastemStanilanI Tiinel'mUSPTO{F](RF-1l2'DN)$:lt72930f ' CSDit' DURATION ^■$$):tMO 



D8C-02rZ004 02:34pin. FroiB-;8S6B456860 + T-671 P. 013/039 F-508 

clock agnal to clock input 338. . ™g a single 

t00301 ^^"«.lnto«can^lch«,afiequ«K^of800MHz.butotber 

f^cx^ple a .yy oscillator with a different fre,„«.cy. PIX cloC 360 ^utputf a 
^c^k^gnal (Pout) 380. Which isfre,uency^ila...«^p^„^„^,^^*J 
test pattern sigaal. that are t,»x.«nitteci to the data pi» of the DUT 340. As noted above 
freq„encysin,i)armeansthesig.alFo«t380isan,ultipleorsub.m„ltip2eofthetes. " 
FIX Clock 360. 

[0031] The combination of thePLL Clock3«) with the Period Vernier Pattern 

Generator 320, as shown in FIG. 3. is particularly smted for applications, suchaa 

slructml testing, that could use the flexibility of the vender technique for providing test 

data to the data pins of the DUT 340 and aw low period-to-period jitter of the PLL 

technique for clock input to the DUT 340. I„,tn«*mltestto8.fbr example.^ 

Clock Of thcDUT 340 needs to be sj^chroni^edpreciselytoatestsy^ Clock bavins 
low penod-to-period jitter for the reasons noted below. 

t0032j most high-speed integrated^iouit devices are driven by an 

internal PLL clock, the internal PLL clock of ,he 0UT 340 multiplies the clock signal 
provided bythe teat system to the clock input 338 (e.g.. in conventional systenis a 
v«ni«vbased clock signal, while in this implementation, the signal Fout 380) to run the 
core oftheDUT 380 atahigbfreq««ncy. Forinsumce.a lOOMHz test system clock 
«put may be multipUed by a DUT's internal PLL clock to obtain a 1.6 OHz cor« 
operation. After the test pattern signals are applied to the data pins oftheDUT 340 the 
state of data pins of the DOT 340 are scam«J out and compared to the expected result. 

Because the core of fte DUT 340 mns at L6 GHz (i.... at a period of 625 PS), any 
penod-to-period jit«r in the clock signal provided to clock irq,„t 338, such as a 20 ps 
Jitter HI a vemieP-based dock, adversely affects the DVTs intemalPLL clock's 
operation. This can result in a jittery core clock, which ultimately reduces the timing 
perfonnances of the DUT and possibly impacts the testmg yield. 
10033] In this implementation, however, the DUT 340 is provided a stable clock 

signal.Fom380,i.e.. it has lower period.K,-periodjitter(e.s..2ps). that wiU not erode 
nnmg margin in appUcations with a sub-aanosccond iatemal core clock. Further, the 

signalFo«380canben^etobefiequency.imi,arto.andphasematchedwith,thetest 
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advantages. 4. PLLcio<*3«canin.p«ve4pJl^^/^"^ 

«f«^ ®^ Placement accuracy compared to an 

320. ABlobalse<,„«,«r412«ceiv«the™«t«clock(Cloclc)4M. Tl^e^obal 
seque„cer4a2ca. be eiftcroftheslobal sequencer disclo.^ 

^.HKG. 4. the master «lock414is™n«i.g«400Xffl..vamabasepcriod^^^^^ 

£0035] The global sequencer 412 outputs fl,e,naster clock 414 and a time z«o 
««nal 43 6^ The time zero si^a, «6 is a specified clock pulse edge to wWcb a test period 

«tobe«fere.«ed. Tl>e global sequencd:412«,esaveauer.echnique. such as 
disclosed „ U.S. Pat No. 5.477^3.. Which is incon^on^ he^ 

d.s.talb.«o,,Uaes418to indicate an offi«frozn the time ze^signaUlfifor the 
beg««ingofthetestperio<L l,.e Offset isreferrcd to asaperiodvenu^ 

T^hep«.odven..« values canbecon^d of anintcger number Of master clock cycles 
plus a fiactional part of the master clock. Tbc ftacdoual pan. as weU as ^ period 
resoluftoa of the test period can be provided by, for example, relaying 8 bits of 

urfo«.a.ion. Using the period vender gives the abiU,y,oprovidcate«pcriod^^^^^ 
wh3chxs„otlimitodtotheperiod«solutionof,hemartcrclo.ac414. this example, the 
penodmsolution of the master clock at 400 MHz is9.765«25 PS (ie.. 2.5 „s divided by 

t0036] AUofthesesigmiIsa«providedtoauumberoflocaIseq»cncers420 
which can be used by the local scqueneeta disclosed in U.S. Pat. Nos. 6 P8 754 ' 

M77.139and 5.212.443. Which are incorporated herein, or any other K^iequlncer 
km^^vntooneofordimuyskiU. The local sequencers 420 generate test pattern signal, 
whtchn^ucle.pattem of events, suchaslsand OS. andatime&rtheoccur^^^^ 
event (i.e..atest period). Which is based on .he zna«erclock414. time zcm Signal andthe 
penod vernier value. Each local sequencer has input/output line 322 coupled to the 

separate pin elec,»nics33fi. which are generally connected to the local sequencer 420 by 
coaxial cable. ^ 

£0O37] HG. 5 shows a block diagram of the PLL clock 360. which can genemie 

cteck signals atFout 380 havingarangeofprogrammawe frequencies. Purtheimore. the 
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can provdeaclock signal atFoutMOtovinglowperiod-tc^period jitter. 
t0038] Th6PLLclock360receivesarefercnce signal (FteQ 352, v^d,i, 
pr«:esacdbyaaprogra««^l.divide-by.McircuitS20.T1i^ 

^"»'«'«vedby,mmtiplierS24.wluchal8c»«ceivesafeedbacksienaI529fioma 
progrm^ble divide-by-Ncircttit 530. The,««ati„8 sign,, 525 is^^^^^j^^^ 

pass fiUcr 526. The filtered signal is t™,a«itted to a voltage con.roJled oscillator (VCO) 
528. Tte outpm of the VCO (VCO out) 542 is feedback to the pn,enmmuble divide-by- 
Nc.n:uitS30 and trai^amtted to a divid^by-2 air.„it532 andap«,g«™ble divid^by- 
D cxrcmt 534. which outputs the clock signal at Font 380. which is iteq«ency similar to 
and phase matched with the test pattern signals generated by the Period Vendor Test 
Patte™Ge„«Bt«r320. Fre^ synthesis and phase matching can be accomplished by 
using a reset signal (Reset) 308 and a SW Control 30*. which provides a software 
cahbmted timing delay, with aUelay Line (DL) 522 and a Gate 526. Frequency s,«thesis 
and phase matching are explained in flwhcr detail below. 
Fregueney Symhesis 

[0039] ThePIX dock 350 receives .he signal Btef 352. which, in this example 

hasaperiodofl.25ns(i.e..800Mh.).butotherfrequenciesco«ldbeuseddependinfi«» 
apphcanon and design paiamefers. The ftequency of the signal Font 380 can be 
calculaied according to equation (1); 

v*erei^istha refi«m:e clock signal frequency. 7^ are programmable 

coefficients, and i) is a programmable coefficient of programmable divider 534. which 
can be 1 . 2. 4. 8. 16 or 32 or any power of 2 depending on application and design 
paratneters. The period of the sigmd Fom 380 can be calculated according to equation 

100403 Equation(2) shows that the period resolution for the PLL clock 360 
depends on the valueofN. while theperioddmation (i.e.. ftequency n«gc) is affected by 
.hevalucofMandD. to this imple„«„t^on. the minimum n^uired period resolution 
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*cPLLcoc.360«de^Nca„beset«>32.fo.cxa«ple.^^^ 

r'"r ^^^^^^^ 

PU.clock3*Oc«bcdcfiacdbyse«„8,heMa«lDoocffiaieaxs * ' 

.s 200 to 400 MHz g.vca th« master c.oclc «4 ,«.e, vcd by the Period Venuer Test Panct3> 
C^r«or320is™naingat400MHz. Usi„« c,„atioa (1). ..e M coefficient has u 
of64rfFo„t380is400Mtli.ftef352is800MHz.Nis<S4.«^I>isl HxeD 

the desued 6equ«,cy range of the signal Fo„, 3S0. Likewise, the M coefficient h«s a 
VB.ucofl28ifFo„t380is200MHz.Fr.f352isS0OMHz.Nis64.a,^Disl 
The«&re,MI«,avaluebe«vaen64aadm. By varying th^Dcoeffiden, of .^e 
Ptogrammable divider 534, generating a wide range of cJo<* ft«,u„cies is possible 

T^clshowsclockperiods that canbe obtained asatunctionofMandD.witbNfixed 
at 64. 

f0042] Ascaabesceni«TaWel.divisianof,heI.LLcIock360byvaryinfi,heD 
cooffiotent Of .heprogt^Wedivid^534wi. proportionately affect the 
resolution. Nevertheless, frequency synchtonization with the test patten, signals 
««««tedbythePeriodVernierT«tPatt«.Ge„«atar320eanbeaccomp«sh^^ 
choosn.gtheproperMandDgivenadesi^N.Ascanbaseen.,heclockperiodsthat 

^od vernier Test Patten Generator 320. As can be seen, the Cock periods that can be 

«»eratedby^eP^c,oclc360ar.an,„ltip.eoftl..e«periodsge„^^ 
Vernier Test Pattern Generator 320. 



64 

65 

66 

67 

68 

69 

70 

71 

72 



2.5 
2.5390625 

2,578125 
2.5271875 

2.65625 
2.6953125 
2.734375 
2.7734375 

2.8125 



5 

5.078125 
5.15625 
5.234375 
5,3125 

5.390625 
5.46S75 

5.546S75 
5.625 



10 
10.15625 
10;3125 
10.46875 
10.625 
10.78125 
10.9375 
n.09375 



20 
20^125 
20.62S 
20.9375 
21^5 
21.5625 
21.875 
22.1875 
22-5 



10 
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73 
74 
75 
7d 
11 
78 
79 
80 
81 
115 
11<$ 
U7 
118 
115 
120 
121 
122 
123 
124 
125 
126 
127 
128 

table 1 



2.85IS625 
2.89062S 
2.9296875 
2.96875 
3.0078125 
3.046875 
3.0859375 

3.125 
3.1640625 
4.4921875 
4.53125 
4.5703125 
4.609375 
4.6484375 

4.6875 
4.7265625 
4.765625 
4.S046875 
4.84375 
4.SS28J2S 
4.921875 
4.9609375 
5 

; Period fn ns as 



5,703125 
5.78125 
5.859375 
5.9375 
6.015625 
6.09375 
6.17J875 

6.25 
6.328125 
8.984375 
9.0625 
9.140625 
9.21875 
9.296875 

9.375 
9.453125 
9.53125 
9.609375 
9.6875 
9.765625 
9.84375 
9.921875 
10 

a lanctton of M and P 



11.40625 
11.5625 
11.71875 
11.875 
12.03125 
12.1875 
12.34375 

12.5 
12.65625 
17.96875 
18,125 
18.28125 
18.4375 
18.59375 

18.75 
18.90625 
19.0625 
19.21875 
19.375 
19.53125 
19.6875 
19.84375 
20 



22.8125 
23.125 
23.4375 
23.75 
24.0625 
24.375 
24.6875 

25 
253125 
35.9375 
36.25 
36.5625 
36.875 
37.1875 

37.5 
378125 
38.125 
38.4375 
38.75 
39.0625 
39.375 
39.6875 
40 
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Phase Alignment 

C0043] Phase aligamcnt of the signalFout 380 and fte test pattan. signals can be 
aduevedbyatwo-stepprocess: First, the divide-by-M circuit S20 is reset with p^er 
calibration: then the MgraIFout380 «phase-ahgned with the testpattem (which is 

^«.ted by the Period Ve^ierTest Patten, Generator 320) after the transient 
VCO Si6. Which tates place «fter resetting, has expired. 

t0044J At each dividerSZO. S32. S34 phase iirffattnation is lost (except for the 
feedback divide-by-N circtut 530 because tMs circuit ^^^^ 
(VCOout)542). Tb«lo«ofphasei„formation„suallyoccmmlcssthedivid^by-M 
cmm.t 520 is preciselyr^set at the beginningof every test. Resetting the divid^^^^ 
cnrcmt 520 can be accomplished by using a reset signal (Reset) 308. A software 

controlled delay li„eDL522 can be used to con,pensate for any 

aat generates the reset signal 308 and guarantees that the reset signal 308 is provided to 
thed,v>de.by.Mcircuit530«,lierightti«e. The tmung calibration or ti«ing delay 
value is introduced to the DL 522 through signal SW Control 30tf 



II 
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10045 J Phase abgaing the ou,p« of the PLL clock 360 with the ,e« panem after 

wh,.hcanb.ge„e«te<.bytheg«e536. The gate signal 582 i, .,^broai.e«, v^ttha ' 

s.8nalF.m518„ddg«a. Fcut380 through „seofthe«setsig„a,308 and «,e^^^^^ 
caUb«t.o«artu,ri,«delayv.Iue.whichisim„K»ucedto,l«^^ 

ControlSOfi. Q"oe the tJuungcalihratiou has bee. de&ed for a particular frequency it 
canbecalculatedforaJltheotherfrequencies. One o/on.i.»y skill would kpow ho '.o 
calculate these other frequencies using known techniques. 

[ 004 6] FIG. 6 .hows the tinung of the reset of Fout 380 to obtain a fixed time 

relat,onwiththeresetsi£„al308whichi„tmnispha«aHgnedwi&thetestpattem 
Seneratedbythe Period VenuerTest Pattern Gcnen,or320. A. caa be se^ 
«gnal-,rismeedse622thesignalFre£*1518drive..oaJowstate628. Therignal 
FrefiM S J8 remains « a low state 628 untU the «set sifinal's falling edge 624 
Fur,hen.v,re, on the rese, signal's ri^g edge 622. the gate dg«,l 582 drives to the high 
state 626. which drives the signal Fout 380 to a low state 630. The gate agnal 58i 
xemaoasin ahigh ^S26 at least untfl the transient 620 in the signal VCOoat/^ S43 

exp.es. afrer which time the gate signal 582 drives toalowstate in synchrony with the 

s.finalFout 380. AsaresulUhe test pattern and the signal Fout 380 are ph*«aligm=d 
[0047J The fiaregoiag implementation combines the flexibility of the period 

ven„er.based test pattern signal generator with Ac lowperiod-to-period jitter ofaPIX- 
fc-:vd Clock. Such a combinationprovides the DOT with a stable clock that will not 
erode tmung margin in applications with a sub-nanosecond core clock. 
C0048] The conipmational aspects described here can be implemented in digital 
electromc circuitry, or in computer hanlware. toware, software, or in combinations of 

them. Where appropriare, aspects ofthese systems and techmques can be implemeoted in 

-acomputer program product tangibly embodied inamachine-readable storage device fi» 
executton by a programmable processor; and method steps can be performed by a 

progr8mmableprocessorexecuting8prog,a„ofinsintctionstopcrfom.to^^^^ 
operawig on input data and generating ouiput. 

10049] To provide for interaction with a user, a computer system can be used 
havmgadisplay device such asamonitoroTLCDscrcenfordispIayinginfonnat^^^ 
the user andakeyboardandapointing device such as.mouseoratrackball by Which me 

TO 
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user can provide input to the compmer system Th.^ , PCT/USOZflwe, 



tooso] Othercmbodimcntearewithintbe^^opeoftteibltowi^gcUims. 
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WHAT IS CLAIMED IS; PCT/US.)2/08*j7 

I - A signal generating apparatus for a t«,. system, the apparatus comprising, 
signals using a vernier technique; and 

^P''«^-I°*«d-loopclockprog«mn«btetoo»,p„ta,«tclocksignalthatis 

fr^«e»cy-similartoandphas<.nutched,vi.hthe,estpatt«n»si8naUge„e,,^ 
penod vonier clock. 

2. The apparatus of claim 1 wha«n each ofthe period vetnier test pattem 
eeaorator and tl« phase-locked-Ioop cloclc is p«,era«unable to gene^te corresponding 
test pattern sign. test clodc signals for diffc^t t>pes of devices to be tested. 

3. He apparan^ of claim 2 wherein ihe period vernier test pattern generator is 
programmable to place events in a master period at a precision of about two or mote 
orders of magnitude gteaterihanthe master period. 

4. The apparatus of claim 1 wherein the frequency-similar test clock signal is a 
multiple or sub-miUtipie of a frequency of the test pattern signals. 

5. The apparatus of claim 1 wherein the period vernier test pattern generator 
composes a global sequencer and one or more local sequenceis. 

6. The apparams of claim 1 fcrther comprising a master timing rcfc^nce signal 

supplied ,0 each ofthe period vernier test pattern generator and the phase-locked-loop 

clock. *^ 

7. The apparatus of claim 5 whwdn the phas^-locked-loop clock comprises a 
raultiphcr. a low-pass filter, a voltage controlled oscillator, and a feedback portion. 

8. The apparanw of claim 7 wherein the phase-locked-loop clock further 
comprisesaprogrammablc delay line andaptogrammable gate each oontt^nableto re- 
synchronize .hephase-locked-loop clock with the period veniier test pattern gencratorif 
an output of the period vernier test pattern generator changes. 
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9. Hic apparmus of claim 1 wherein the phase-locked-Joop clock further 
compnses one or moro progt^rumble divider, that are controllable to adjust the 
frequency of the phase-Iocked-Ioop clock output 

^^•T^^^PP^^tusofclaim^whereiutheoz.eormoreprogramma^^^ 
mcludea&.t divider arranged atareferencekput signal sideofaph^^^^^^ 
second divider arranged in the feedback portion of thephase-locke^^^^^ 
dmder arranged at an ou^ut side of the phase-Jocked^loop. 

1 1, The apparatus of claim 10 wherein the first divider comprises a divide-by-M 
dmder, the second divider comprises a divide-by-N divider and the third divider 
comprises adivide-by-D divider, wherein^ A^andJ:) are prog^nmaable integer 
coefficients, and the frequency of the test clock signal is controllable by choosing N 
mXDto select adesired output frequency. i^^i/, according to the following equation 

Pout SI Fref ^ 



where Pf-efis tho reference input signal. 

12. The apparatus of claim 11 wherein AT corresponds to a period i^sohition. 

13. The apparatas of claim 1 1 wherein AT is 64. 

14. 'Hie apparatus of claim II whereini) corresponds to acoarsefi^uency 
adjustment and JW^ corresponds to a fine frequency adjustment 

15. The appamtus of claim 14 wherein Z) is a power of two. 

16. A method of generating test signals comprising: 
generating test pattern signals using a vernier technique; and 

gcneming a test clock signal that is frequency-similar to phase-matched with the 
test pattern signals using a phase-locked-loop. 
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agnals «d the phase-m«ched test Clock signal to a device muter test. 

to data p^s of the dcvic. under .est and *e frequency-si^ite. phasc-„.atchcd t<«t clock 
Mgnal is applied to the clock input pin of the device under test 

19. TT.emeftodofclaiml6wh«rrfn8enerati«gaphas^„atcbcd .est clock signal 
comprises synchronizing the «at clock signal to the test pattern signals «ting *e phase- 
locfcodloop. . 

20. The method of Claim 19 whcrem generating a phase-matched test clock signal 
further comprises generaung die test pattern signals and the test clock signal based on a 
eonunon master clock reference. 

21. The method of claim 16 wherein generating the frequency-similax test clock 
signal comprises substantiaUy matching a fiequcncy of the test clock signal to a 
fiequency of the test pattern signals. 

22. The method of olahn 21 wherein substamiaUy matching ttie fiequeacy of the 
test clock signal comprises controUing one or more programmable divides to adjust the 
test clock signal 1» be a multiple or sub-m.dtiple of the frequency of the test pattern 
signals. 

23. The method of claim 16 wherm generating the fasquency-simDar test dock 
signal comprises connwlling the frequency of the test clock signal by controlling a 
ptaialily of programmable dividera. 

24. The method of claim 23 wherein controlling a plurality of programmable 
dividers comprises controlling a first divider arranged at a «rference input signal side of a 
Phase-locfced-loop, controlling 8 second divider awanged in a ffeedback portion of the 

phase-locked-loop. andcontrollingathirddividerarrangedatanoutputsldeoftbephase- 
Jocked-loop. 
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.5 The =,etho4 of clain, 24 wher«i„ tte ft,t divide is a divide^y,M divider the 
s«o„dd,v,derisadiv.dc-by-Ndivid.a«dthc«^ddiv.dcrisadivide-b'^^ 
^c„.mMiVandi) are pn>fir««,a,,cin,eger coefficients, and wh^^ 
frequency of me te« clock signal comprises choo,i„g u, Ar„d Z) ,o select a desi^^ 
output frequency. according to tbe following equation 
N 



where Frefia the reference input sienal. 

26. The method of claim 25 wherein N coixesponds to a period resolution. 

27. The method of claim 26 whoeinJVis 64. 

28. The method of claim 25 wheimi) conesponds to a coarse fesquency 
a«Su8tment and M coiresponds to a fine ftequeney adjustment 

29. The method of claim 28 wherein i3 is a power of two. 

30. The mefliod of claim ISfUithercon^wising: 
changing a frequency of the test pattern signals; and 

adjusting the frequency of the test clock signal to match the changed frequency of 
the test pattern signals by r^programmingone or more programmable dividers. 

31. The method of claim 30 fUrthcr comprising re-synchroniang the test dock 

sifioal With the test pattern Signals by controUingadelay line oragate or both to altera 
tuning of the test clock signal. 

32. A metiiod of generating test signals for a device under test, the method 
comprising: 

generating a master reference signal; 

using a vernier technique to generate test patrem signals based on the master 
reference signal; 

generating a test clock signal that is phas^-matched with and frequency similar to 
the test pattern signals by providing the master reference signal as input to aphaae-locked 
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loop and coutroUingono or more pioenmuaable div,-d«. inthephase-locked-loop to 

adj„« the test clock signal to beamnldple or sub-muliipleofafrcqaencyofihe test 
pattern signals; 

applying the test dock signal to the dock input pin of the device under test; and 
applying the test pattern signals to data pins of the device tmder test. 

33. The meihod of claim 32 finther comprising: 
changing a frequency of the test pattern signals; and 

adjusting the frequency of the test clock signal to calibrate to the changed 
frequency of the test pattern signals by re-programming the one or more programmable 
dividers. 

34. The method of claim 32 comprisfng re-synchronizing the test clock signal with 
the test panem sisals by controlling a delay line or a gate or both to alter a timing of the 
test clock signal. 

35. The method of claim 32 wherein conlrolling one or more programmable 
dividers comprises controlling a first divider arranged at a reference input signal side of 
the phase-lodced-loop, controlling a second divider atianged in a feedback portion of the 
phase^locked-loop. and controlling a third divider arranged at an output side of the phases 
locked'loop. 

36. The method of claim 35 wherein the fjrsi divider is a dividc-by-M divider, the 
second divider is a dividc-by-N divider and the third divider is a divide-by-D divider ' 
wherein Af. JNT and D are programmable integer coefficients, and wherein controlHng the 
frequency of the teat clock signal compiises choosing AT, iV^ and i> to select a desired ■ 
ou^ut frequency, Fout, according to the following equation 

Foui = Fref* — — 

where Fre/is the reference input signal. 



ifi 



NSnOCiD «WO a3Q7M97A2 .1. » 

PAIX»W'RCVDAT12l2Q0HS:32:01PM|EasttfflStan(M 



DecrO2T2004 OZ:38poi . Froffl-9988456880 
WO «2/(l75337 



+ 

1/5 



T-6n P. 025/035 F-506 
PCT/US02/08627 



State 



100^ 



73 18 



FIG.1 



200 



3 

MASTER 
CLOCK 



C 

PROGR/miABLE 
DIWDER 



204 



212-^ 

PROGRAMMABLE 
PERIOD OFF-SET 



VERNIER 
CIRCUfT 



TEST PERIOD 



210 



FIG. 2 



SUBSTITUTE SHEET (RULE 26) 

PAGE 2SI3S ' RCVD AT IMW 9:32:01 PM l&Bten Standant TimeimUff^ 



Dec>-0272004 02:38pio . Fron-858B496B60 
WO II2/«I75337 



T-6n P. 026/035 F-50B 
PCr/lJSi«/««627 



2/S 



CO o 




5: 



SUBSTITUTE SHEET (RULE 26) 



rmaoocio- <wu 



PA(X 26^5 * AT 1 212/2004 5:32:01 PM [Eastern Standard Time] ^ 



DecrO272Q04 02:38pin . Front-858B456B80 
WO f»2/«75337 



+ 



T-en P.02T/03! f-m 

PCT/l(S02/«»627 



■320 



414 



CLOCK 



412 



GU)BAL 
SEQUENCER 



(-414 



TIME ZERO 



IPERIOD VER Nm 
418-^ 



420 



LOCAL 
SEQUENCEB 



420 



LOCAL 
SEQUENCER 



420 



LOCAL 
SEQUENCER 



322 



■322 



f-322 



FIG. 4 



SUBSTJTUTE SHEET (RULE 26) 

PA(£ 27/35*RCVDAT12l2l2004 5:32:01 PM [Eastern Standard T^^^ 



DBCr02.T2004 02:38pn] . Fron-8988496880 
WO 02/ll75i}7 



4/5 



T-671 P.028/D39 F-506 
PCTAI5n2A>8627 










•I- 






Si « 











_ CO — 



to 



s 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID -two... . 02076337AZ,I > 

PAGE 28/35*RCVDAT12f2/2004S:32:01PM [Eastern Standard T^^^ 



Dacr02;2004 02:38pin . Proni-85884568S0 



WO tt2/(l7S3J7 



+ 

5/5 



T-671 p. 029/035 F-506 
PCT/US02/08627 



308-^pigSSt 



624 



62S 



J L 



632'x 

J3 T 



S43^ vcoout _n_n_i-u- 

2 



^^-^Fout -rLn_n_J_ 



■iilTiiiinrmTinTnTT^ n n n 



■630 



_n_n 



FIG. 6 



SUBSTITUTE SHEET (RULE 26) 

NGE2MS'R(»PATlnHS:3£^ 



DACrOZ72004 02:39pfli . Fr 00-^56845 6 860 4 7-671 P. 030/035 F-5Q8 




PAGE llllSS'RCVDATIMONmillPMIpastem standard T^^ 



Dk->02':2G04 02:39pi& . Froai-8.568456B80 



T-en P. 031/035 F-506 



(12, ,^^^ERNAT,ON^ ^PPUC^TiON PUBLISHED L-NOER THE PATENTCOOPeR.T.ON ^^^^^^ 



(10) World TntellMtual Prt>pcriy Or€4ni2aUon 
Inicni;iUonal Burcuii 

(43i Interimtionnl Publjc;ition Dote 
26 September 2002 (26.09.2002) 




PCX 



liiifliiiiiiiHiniMiiifliiiiii 

(10) ImernofionaP Publicaiion Numbor 

WO 02/075337 A3 



(Sr) laternaiioiiikl fx^ttnt OasslftcariAn': GOI R 31/319 
« n C 29/tH). GO t R 3 1/3 193 

(2h InternncioiiaJ Apprieaiion Ngmbers K.T/irS02/0«A27 
i22) tcKeroadoiiai FIttng pqre: 19 March 2t)02 il*>.O3.2n02) 

«2A) PuMicanon Unguage: linglUh 



Priority Paru: 



20 Maa-h 2001 (20.03.2001 ) US 

2 1 Muru-h 2001 (2 1 .03 .2f)01 f \ fS 



(63) Rrfiired by conifiiwitioii(CON)or«>ntiiiuation-in^part 
<CiP) ro «arli»r uppiicaiion: 

[!\^ , 60/277,673 CCON) 

"'^ 20 Murch 200 1 (20.03.2001 > 

(7 1 > A ppUcdor (for a/i dt^signaicj Siaie^ except US/: NPTEST, 
I INC. I US/l LSI; 150 Biiyshore Dnw. ifcjft J„s«, CA 95134 
I (ILS). 

I <72) rnveiitort: 4ii4 

i I7S) lavoiton/AppUcants onl^'/i OAULa RICCA 

I Paolo I U.S/USi ; 362 McDwn' Avenue. I rccmoM, T.A 9453y 



(LJ,S). WEST Burnell. C. (UJ5/Ui;j; 46750 Sontinct DrN^s 
I wmuuU CA 9453y (,US). 

'"^■^^ ^?;"V ""'-•-'PS. John, C; fhU rfc Rk-hfRlwh P.C.. 
43.50 Lu Aniii Village I>riw, Sulw SOo, Dldno. CA 
y2|22iUS). 

<SI) Deslgnaied States tMtlonaOi Ali, AO, AL. AM, AT aU 
AZ, BA. BB. BG, eR, BY. BZ. CA, Q/, CN. CO. CK, CU 
CZ, Dii, DK. DM. DZ, J:C, hU KS. H. OH. GD. GH Gil 
cm, im, llir. ID, II., IN. IS, JP, ICK. KO» ICP, KR» IC I c 

l'!^^ ' i^^^- w»c mn, W 

MX. M/, NO. Ky„ OM, PI U PL, R\ RO. ftu. .SP, Sfi. SO 
SK, SU. TJ, TM, TN, TR, TC, T/. l/A, UG. US. UX, 
VN, VU. ZA, ZM. ZW. 

<84) DtfSiciioteU Siat« fr^qiono/j: ARI|>0 p;iicni (Gil, OM 

KJ>. I.S, Mw. M?. SD. su s;<:. r?.. ug, -/m. zw>. 

Lurjsi.-jn patL-nl (AM. AZ, BY, KCi. KZ. Ml>, RU. TJ TlVf) 
Bur\»piiart pftkni (AT. BK, CK. CY, OK. HS, I-'l, I^r! 
OB. GR, IP. rr, I-(J. MC. NL. Ff, SC, TR,. OAPJ pciieni 
(BJ? BJ» CI- CG. Cr, CM. OA. GN. GQ. GW. Ml-, MR, 

NL\!;N/n>.TcJj. 

Published: 

— with infernmionai sn^rch report 

f Continued m next pagaj 



I (34) Title: UJVVJlTriJR CIXX:k lOR (L'ST SYSTHM 




JTl 1— 



PAGE 31/35 ' RCVD AT 121212004 5:32:01 PM lEastem Standard Tim^^ 



0«ci027Z004 02:39piD , Froiii-^58B4S6680 ^ T-671 P. 032/035 P-506 



wo 02/075337 A3 liliiiiiiiMiiiiiiiMimiiiiiiniiiinMmi 



488) Date or pubJicoctOB of rhc inrenmitonai search repW: 

33 Ocioher 2003 

yor iwo-Lttcr caUci amtottur obbrrvlatiofuf. refer to the "Cuid- 
flw.' Not.'s on CctUs MdAbbrt^vmHOiW :tfiixann^ai the begin- 
fing u/cQL'h regular ixsiu: of the PCT Cazciu. 



PAfiE32f35'RCVDAT12l2l2004 5:32:01 PMIpastm Standard 



- tac-aZ-JOtiA 02:39pni , Froni-8588456880 



A. CLASSIFICATION OF SUBJaCT MATTER ' 

IPC 7 G01R31/319 G11C29/00 601R31/3193 



T-6ri p. 033/035 F-506 
PCT/US 02/08627 



Accorawa to rnien>ailoMi Patan? Ciwrficaiion (IPO or tt> mt\ naiionai ciMtineailon ana ipC 

a neips sEAftCNep 



Mini^«icwr«niaiion smkmo (cimicBtion syarsm fotiowitd by dassiflcaijon symootei " 



Documani»ri<m searched omc, than nvnmf>um ctoajman,aiioo lo in« e>nAni Utfti ftucn ooeummis am mt^o m» fldkis 



Etaeironic4«ia d^hi «)ii$;i(is<j aurino ine inier Aattaoqj ««arci> inam M aau Das« ftno. whaca ptaoicsi. uarcn u 

PAJ, EPO-Internal , INSPEC. IBM-TD8. WPI Data 



C. POCOMeNTS CONStPeREP TO BE fteLBVAWT 



Cal«QOfV' 



Ci ration or 



wtwra appnopnaic. orin« rftlbvant paasAQes 



PATENT ABSTRACTS OF JAPAN 

vol. 1999, no. 05, 

31 May 1999 (1999-05-31) 

& JP a 038100 A (ADVANTEST CORP), 

12 February 1999 (1999-02-12) 

abstract 

US 6 275 057 61 (ADVANTEST) 
14 August 2001 (2001-08-14) 

the whole document 

US 5 581 177 A (OSTERTAG EDWARD A ET AL) 
3 Decetnber 1996 (1996-12H)3) 

abstract; figures 1-3,11^13.16 



column 1. Tine 4 -column 6, line 35 



RAiavant lo Claim No. 



IT) Funher qQ«^nP|Crtis «r« listad la ihe continuation of t»ir C. 



1-36 



9-15, 

22-29, 

35,36 



1-8, 

16-21, 

30-34 

9-15, 

22-29. 

35,36 



Spveiai caiegeriM of died aoeumann . 

*A* etocum&nt defining Ina geoarai siaio oi iha an M^nicn is not 

eoofliaoroq to bo Ol particular raiovanca 
6' oartiar ttocumeni out putnishad on or alter tha imafnational 
flt^g oata 

V <Ioeurnfi.oliwtiichmay(nrDwitaubisanprterity OaifnMot 
wittch n ciiao lo a&MDiisn tna pubAcalion dalo of anothor 
oia}«A or other apodiii raa&on (as spocMiaa) 
'O' Oecwmoni rBfanwg to an or^i o«c(osufB. tisa, exhioiflon or 

P- dKumompuolisiiM prior to ihainiornationai itUftfi data pul 



10 



Paieni fajnuy mernbefs ara iBtoo In innftn. 



•r raiaf decumam pqbiteitad afiof ma iitt&mationai riqno data 
or pnerny data and not m oontiiei wiih Iha appdcai^ mi 

'X* qocwn«ftio/panicuiarroIflvanoa:tfM>clajfnaa lovoniton 
cannot oa eonaoarad nokrar cr cannal Pa confihierod to 
invoiwo an invapiiva slap when ma ooeurneni » takOA alone 

•V- oocumenrorpan>oiiarrclovanc»:inecla)mo<i mvemioo 
cortnoi 00 coASid&rOdie invoiva an laveniba slap wnwi ihfi 
oocumeni m mmmeq wftii one or inom oiher oiTeh docp- 
mfinta. such co;tibinaiion Ming oeviaus u a parson sMned 
in ina art. 



Data or mo actual eompiot«n or lAe IniDmaiionai aaurcD 

21 March 2003 



•A' documani mamber «| mo wm patent roiWV 



Nama ana maitino aqdraas of m 4SA 



m - 2ita HV Rliatw^K 
ToL (t-31-70) 340-2040. T«. 9* QSl BOO nl, 
Fax; (+-31-70) 340-3016 



Fom PCT/|SA/3tO snooi) {Jury id92} 



Date or maillno of tha tniOfnationai searen lapon 

27/03/2003 



B6hm-PeTi5s1er» A 



e«S0OC|D.-«WQ... 



.osoTsarrAi i.> 



page l of 2 



PAGE 33^'RCVDAT12I2I20045:32:01PM [pastern Standard Ti^^^ 



"DK-(l2-i004 0Z:39pin , Froiii-8§e84568B0 * 7-671 P. 034/035 F-506 



PCT/US 02/08627 



C^ComiAuMlen) DOC UMENTS CONSIDERES TO 6t RELEVANT " 






Reiawani to ctaiin no. 


X 

V 


US 5 491 673 A (OKAYASU TOSHIYUKI) 
13 February 1996 (1996-02-13) 

apstracx; tigures 1,2,5,7 

column It ITne 4 -column 6, line 35 


1-8. 

16-21. 

30-34 

9-15, 

22-29, 

35,36 


A 


us 5 212 443 A (GRAEVE EGBERT ET AL) 
18 May 1993 ( 1993-0S-18) 
abstract; figures 2-5 


1-36 


A 


US 6 128 754 A (GRAEVE EGBERT ET AL) 
3 October 2000 (2000-10-03) 
abstract; figures 1,2 


1-36 



Farm PCT/tSA^ZiO (canl4nui».CA o| sacond «M») (JuV iOK} 



page 2 of 2 

PA6E34/35'RCVDAT12l2l20045:32:01PM|EastemStanilardTim^^ 



,{)BC-fi2-y}04 02:40pin ,Froai-85BB456880 * 

INTfiRNATIONAT^ SEARCH RIEPORT 
. . ormottop on pstoni family rmtrbcn 



T-G71 P. 035/035 F-508 



intw ~ nal AppOc«tert No 

PCI/US 02/08627 



Paient document 
cjte<i in t^etcn report 



Publlcadon 
data 



Patent family 



Publication 
date 



OP 11038100 


A 


1 o AO lOQO 

1 2-02—131 






14-08-2001 


US 5581177 


A 


- 

03-12-1996 


CA 








DE 


4423186 Al 


19-01-1995 








FR 


2712987 Al 


02-06-1995 










C f IDS' /V 


08-09-1995 








GB 












JP 












JP 


0I40U00 A 




US 5491673 


A 


13-02-1996 


DE 


4445311 Al 


07-12-1995 






JP 


3183494 82 


09-07-2001 








IP 

Jr 




20-02-1996 








KR 


91 fi1 9C R1 




US 5212443 


A 


18-05-1993 


DE 


69125438 Dl 


07-05-1997 




DE 


69125438 T2 


30-10-1997 








EP 


0474274 A2 


11-03-1992 








OP 


3220480 B2 


22-10-2001 








OP 


6094796 A 


0B-04-X994 








US 


5477139 A 


19-12-1995 


US 6128754 


A 


03-10-2000 


EP 


0918227 A2 


26-05-1999 




JP 


11223657 A 


17-08-1999 








TW 


407210 8 


01-10-2000 



PAGE3SI3$'RCVDAT12I2/2III4 $132:01 PMIEasteniStandanlTM 



